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(57) ABSTRACT

A method of low latency encoding of an iput bit sequence
(S0) to yield an encoded bit sequence (S), and a correspond-
ing decoding method, said encoding method including: a first
encoding step (E1) applied to bits of the input bit sequence
(S0), using a first code; an interleaving step (E3) in which an
interleaver interleaves the bits obtained from said first code;
and a parity, second encoding step (E4) applied to the bits
obtained from said interleaver, using a second code, to gen-
erate said encoded bit sequence (S). The parity, second encod-
ing step (E4) starts after a predetermined number A of bits
have been interleaved, said predetermined number A of bits
ranging between a first lower number A1 of bits depending on
one or more parameters of said interleaving step (E3) and a
first higher number As of bits corresponding to the total num-
ber of bits to be processed during said interleaving step (E3).
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FAST ENCODING AND DECODING
METHODS AND RELATED DEVICES

RELATED APPLICATIONS

This 1s a U.S. National Phase Application under 35 USC

3’71 of International Application PCT/FR2007/050664, filed
on Jan. 18, 2007.

This application claims the priority of French application
no. 06/50196 filed on Jan. 19, 2006, and the content of which
1s hereby incorporated by reference.

TECHNICAL FIELD OF THE INVENTION

The mvention relates to the field of digital communications
and 1s more particularly concerned with a high bit rate encod-
ing and decoding method using an LDPC (low density parity
check) code, for example, and associated encoding and
decoding devices.

BACKGROUND OF THE INVENTION

Atpresent, the highest performing digital communications
systems are based on systems 1n which data to be transmitted
1s protected by very high performance channel coding and 1s
decoded 1teratively by a weighted output decoder. Channel
coding or error corrector coding improves transmission qual-
ity by inserting redundant bits into the message to be trans-
mitted 1n accordance with a given law.

In the field of digital transmission, and especially when the
transmission channel 1s aradio channel, the principal function
of these corrector codes 1s to eliminate ambiguities in the
transmitted message caused by the transmission channel. The
channel decoder, which knows the coding law used on trans-
mission, verifies 1f that law 1s still complied with on reception.
IT not, 1t detects that transmission errors are present.

The performance improvement achieved by these codes
can be used to reduce the power consumption of terminals or
to 1ncrease the volume of information transmaitted.

Recently, considerable research has been conducted into
channel coding using LDPC (low density parity check) error
corrector codes.

These codes are now being promulgated by standardiza-
tion bodies, for example, 1n the context of standardizing the
IEEE 802.11n communications protocol intended for future
wireless access networks (WLAN) operating at very high bit
rates and the IEEE 802.16¢ (WiMAX Mobile) protocol.

The document US 2005 0216819 describes a method and a
device for encoding and decoding serial turbo-like codes
generated by the serial concatenation of external coding,
interleaving, parity coding, and internal coding.

The document “A New Class of Turbo-like Codes with
Universally Good Performance and High-Speed Decoding”™
(IEEE Milcom 2003, October 2005), Keith M. Chugg et al.,
describes a new class of codes known as S-SCP (systematic
and serial concatenated parity) codes and in particular
F-LDPC (flexible LDPC) codes for which the parity check

matrix H can be written 1n the following form:

(SVO]
0 I G

where [ 1s an 1dentity matrix, G and S are bidiagonal matrices,
and V 1s the product of three matrices according to the IEEE
802.11-04/0933r4 standardization document, K. Chugg et al.
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2

(802.11 Task Group N, September 2004). The form of this
matrix V imposes a limitation on the encoding and decoding
bit rate.

FIGS. 1A and 1B respectively represent the structure of a
prior art encoder 10 and a prior art decoder 20. In FIG. 1A, the
encoder 10 comprises an external coder 3, an interleaver 5, a
serial-parallel converter 7, a parity coder 9, and an internal
coder 11. The code generated by this encoder 10 1s the result
ol the serial concatenation of codes successively generated by
the external coder 3, the parity coder 9, and the internal coder
11.

According to that architecture, an input bit sequence De 1s
first entirely coded by the external coder 3 and then inter-
leaved by the interleaver 5 to form an interleaved data
sequence Di. The senal-parallel converter 7 parallelizes the
interleaved data sequence Di. The parity coder 9 then per-
forms a parity calculation by effecting the modulo-2 sum of J
bits extracted from the output of the sernial-parallel converter
7. The data sequence at the output of the parity coder 9 1s then
coded by the internal coder 11.

The structure of a decoder 20 comprising an external
decoder 135, an interleaver/de-interleaver 17, a parity decoder
19, and an internal decoder 21 1s shown 1n FIG. 1B.

The decoder 20 decodes tlexible data iteratively. The tlex-
ible data corresponding to the systematic portion of the code
1s used by the external decoder 15 to obtain extrinsic infor-
mation I1 that 1s then interleaved by the interleaver 17 to yield
information 12 that can be used by the parity decoder 19,
which calculates new extrinsic information I3. On the basis of
this information I3 and the flexible data 14 corresponding to
the redundant portion of the code, the internal decoder 21
calculates a message I5 that 1s then decoded by the parity
decoder 19 to form a message 16 that 1s sent to the de-inter-
leaver 17. De-interleaving of the message 16 by the de-inter-
leaver 17 to produce a message 17 completes the iteration of
the encoding process.

The major drawback of the encoder 10 (respectively
decoder 20) 1s the latency introduced by 1ts serial type archi-
tecture, the effect of which 1s to limit the encoding (respec-
tively decoding) bait rate.

FIGS. 2A and 2B respectively show the scheduling of the
various steps of the encoding process and the decoding pro-
cess performed by the encoder 10 and the decoder 20, respec-
tively.

With standard encoding using serially concatenated codes,
cach coder of the encoding device 10, 1.e. the external coder 3,
the parity coder 9 or the internal coder 11, 1s activated pro-
vided that the preceding coder has completed 1ts task.

FIG. 2A represents very diagrammatically the scheduling
in time (abscissa axis) of tasks (ordinate axis) constituting the
encoding process executed by the encoder 10, these tasks
being carried out successively by the external coder 3, the
parity coder 9, and the internal coder 11 from FIG. 1A.

With such scheduling, a first coding step E10 1s carried out
by the external coder 3 for a time T10. When the step E10 has
completely finished, the parity coder 9 executes a calculation
step E30 for a time T30. When the step E30 has finished, 1t 1s
followed by a coding step E50 carried out by the internal
coder 11 for a time T50. The time needed to encode a
sequence ol bits at the mput of the encoder 10 1s therefore
equal to the sum T10+130+150. This way of scheduling tasks
therefore limits the encoding bit rate of the encoder 10.

FIG. 2B represents a distribution 1n time (abscissa axis) of
decoding tasks (ordinate axis) performed by the decoder 20
from FIG. 1B during one iteration of the process.

According to FIG. 2B, the external decoder 15 executes a

decoding step E70 for a time 1T70. When the step E70 has
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finished, the parity decoder 19 executes a calculation step E90
for a time T90. Once the step E70 has finished, the internal
decoder 21 executes a step E110 for a time T110. The parity

decoder 19 then executes a step E130 for a time T130. Thus
the duration T of one 1teration of the decoding process 1sequal 3

to the sum of the durations of each of the above steps E70,
E90, E110, E130, 1.e. T=T70+T190+T110+1130.

The bit rates of the encoding and decoding processes
described above are limited because of how the various tasks
constituting the encoding and decoding processes are sched- 10
uled.

Moreover, the hardware resources of the encoder 10 and
the decoder 20 are not used optimally, 1n the sense that each
processing function 1s not used continuously 1n the coder 10
or the decoder 20. 5

OBJECT AND SUMMARY OF THE INVENTION

Thus a main object of the present invention 1s to eliminate
the drawbacks referred to above by providing an encoding,
and decoding method having the property of encoding and
decoding a data sequence very quickly and without signifi-
cant loss of performance compared to prior art methods.

That object 1s achieved by a method of encoding an input
bit sequence S0 to yvield a coded bit sequence S, comprising
the following steps: 23

a first coding step applied to the bits of the mput bit

sequence S0 using a first code;

an interleaving step 1n which interleaving means interleave

the bits obtained using the first code; and

a second coding step, referred to as a parity step, applied to 30

the bits obtained from the interleaving means using a
second code to generate the coded bit sequence S so that
the parity, second coding step begins after a predeter-
mined number A of bits. This predetermined number A

of bits 1s between a first lower number A1 of bits depend- 44
ing on one or more parameters of the interleaving step
and a first higher number As of bits corresponding to the
total number of bits to be processed during the interleav-
ing step.

In this kind of encoding method the parity, second coding
step can be commenced without waiting for the end of the
interleaving step, the second coding step being etlected 1n
parallel with the interleaving step and with a relative offset of
A bits.

This method therefore parallelizes the parity coding and
interleaving steps without having to duplicate all the func- 45
tions and memories associated with the processing of tasks
linked to those steps, 1n contrast to an architecture 1n which
these tasks are scheduled sequentially.

This method therefore reduces the complexity of the
encoding method, achieving performance exceeding or equal sg
to that of prior art methods.

According to another feature of the invention, the parity,
second coding step begins after a predetermined number A' of
bits have been encoded by the first decoding step. This pre-
determined number A' of bits 1s between a second lower
number A1' of bits depending on one or more parameters of the
interleaving step and a second higher number As' of bits
corresponding to the total number of bits to be processed
during the first coding step.

Thus 1n this encoding method the parnty, second coding
step can be commenced without waiting for the end of the
interleaving step, the second coding step being effected 1n
parallel with the first coding step and with an ofiset of A' bits.

The offset between the start of the first coding step and the
start of the interleaving step can be adjusted and the minimum
offset 1s an offset of 1 bit (A'-A=1). 65

The interleaving step can advantageously be effected con-
jointly with the parity, second coding step.

20

40

55

60

4

According to another feature of the imvention, the inter-
leaving step includes a bit level first interleaving function
associating with the i”” bit obtained using the first code the
n(1)” bit of an interleaved bit sequence, so that interleaving
the firstk bits supplies at least the first m bits of the interleaved
bit sequence.

This feature therefore enables the parity, second coding
step to be commenced without waiting for the end of the
interleaving step.

According to another feature of the invention, the inter-
leaving step and the parity, second coding step are effected by
means of a quasi-cyclic parity check matrix V comprising a
plurality of identity sub-matrices in the following form:

¢ Ile(l, )] ... ... Me(l, mp)] N

V= 5 IlcC, )]

I e(my, )] ... ... Ie(my, my)],

such that for any 11n therange 1 tom, and for any j1n the range

1 to m,, if the coelficient c(1, 1) 1s strictly negative then the
sub-matrix I[c(1,1)] 1s a null matrix, otherwise said sub-matrix
I[c(q, 1)] 1s an 1dentity matrix circularly permutated c(i, 1)
positions.

The quasi-cyclic form of the parity check matrix V enables
parallelization of the interleaving step and of the parity, sec-
ond coding step, which are here effected conjointly.

According to another feature of the invention, the inter-
leaving step includes a second interleaving function A for
associating a first set of packets of m, bits obtained using the
first code with a second set of packets of J bits of the inter-
leaved bit sequence, so that bits belonging to the same packet
of J bits of the interleaved bit sequence come from different
packets of the first set of packets of m, bits.

This interleaving at the packet level prevents simultaneous
access to the same memory space during the parity coding
step. This type of interleaving therefore increases the encod-
ing bit rate by mimimizing the latency linked to memory
access contlicts.

According to one feature of the invention, the positive
coellicients c(1, 1) for the same row of the parity check matrix
V are different.

To prevent memory access contlicts, it 1s necessary for bits
involved 1n the same parity equation contained in the matrix
V not to come from the same memory area. This condition 1s
represented by the following mathematical relation applying,
to the positive coetlicients of the matrix V for j=k:

V(i )=0 and Ve(@,k)=0:c( j)=c(i k)

In other words, this condition guarantees that it 1s 1impos-
sible to access the same memory simultaneously twice,
thereby increasing the encoding bit rate by reducing the
latency linked to memory access conflicts.

According to one feature of the invention, said
parameter(s) determining the numbers of bits A and A' are a

function of the positive coetlicients c(1, 1) of said parity check
matrix V.

According to another feature of the invention, the first code
of the first coding step 1s made up of a first plurality of
independent codes.

The first code can therefore be parallelized 1tself, turther
increasing the encoding bit rate 1n the first encoding step.

According to another feature of the invention, the encoding
method 1includes a third coding step using a third code applied
to bits obtained from the parity, second coding step so that the
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third coding step begins by coding one or more bits obtained
from the parity, second decoding step.

The third code of the third coding step can therefore be
chosen so that 1t has additional properties compared to the
first code of the first coding step, for example, to increase the
correction capability of the code formed by concatenating the
first, second, and third codes.

The third code of the third coding step advantageously
consists of a second plurality of independent codes.

The third code can therefore be parallelized 1itself, further
increasing the encoding bit rate 1n the third coding step.

The invention 1s also directed to a method of decoding a
receive digitized signal comprising a data sequence formed of
a first part corresponding to information to be transmitted and

a second part including redundant data, comprising:

a first decoding step applied to data of said first part;

an interleaving step 1n which interleaving means interleave

data obtained from the first decoding step; and

a second decoding step, referred to as a parity step, applied

to data obtained from the interleaving means.

The panity, second decoding step advantageously begins
alter a predetermined number A of data items have been
interleaved. This predetermined number A of data items 1s
between a first lower number A1 of data items depending on
one or more parameters of the interleaving step and a first
higher number As of data items corresponding to the total
number of data 1tems to be processed during the interleaving,
step.

This method therefore parallelizes the parity coding and
interleaving steps without having to duplicate all the func-
tions and memories associated with processing tasks linked to
those steps.

According to another feature of the mvention, the parity,
second decoding step begins after a predetermined number A
of data items have been decoded 1n the first decoding step.
This predetermined number A' of data items being 1s a second
lower number A1' of data items depending on one or more
parameters of the interleaving step and a second higher num-
ber As' of data items corresponding to the total number of data
items to be processed during the first decoding step.

According to another feature of the invention, the decoding
method includes a third decoding step of decoding data
obtained from the parity, second decoding step, the third
decoding step starting by decoding one or more data i1tems
obtained from the parity, second decoding step.

According to another feature of the vention, the inter-
leaving step 1s elfected conjointly with the parity, second
decoding step.

According to another feature of the invention, the inter-
leaving step and the second decoding step are effected by
means of a quasi-cyclic parity check matrix V comprising a
plurality of identity sub-matrices in the following form:

( e(l, D] Ile(l, mp)]

Ile(i, j)]

M e(my, 1)] . Melmy, mp)]

such that for any 11n therange 1 tom, and for any j in the range
1 to m,, if the coelficient c(1, 1) 1s strictly negative then the
sub-matrix I[c(1, 1)] 1s anull matrix, otherwise said sub-matrix
I[c(a, 1)] 1s an 1dentity matrix circularly permutated c(1, j)
positions.
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According to another feature of the invention, the positive
coellicients c(i, 1) for the same column of the parity check
matrix V are different.

To prevent memory access contlict that would generate
latency and would be reflected 1n a reduction of the decoding
bit rate, 1t 1s necessary for a variable not to be involved more
than once 1n a group ol m, parity equations contained in the
matrix V, which 1s reflected 1n the positive coellicients of the
matrix V by the following mathematical relation:

V(i H)=0 and V(i j+1):c(i j)=c(i+1,/)Vi, V;

According to another feature of the invention, the param-
cter(s) determining the numbers A and A' of data 1tems are a
function of the positive coetlicients c(1, ) of the parity check
matrix V.

Another aspect of the invention 1s directed to a device for
encoding an mput bit sequence SO0 to vield a coded bit
sequence S, comprising:

first coding means for coding the bits of the mput bit

sequence S0 using a first code;

interleaving means for interleaving bits obtained from the

first coding means; and

second coding means, referred to as parity means, for cod-

ing bits obtained from the interleaving means using a
second code to generate the coded bit sequence S.

The interleaving means are advantageously such that the
parity, second coding means begin the coded bit sequence S
alter a predetermined number A of bits have been interleaved.
This predetermined number A of bits 1s between a first lower
number A1 of bits depending on one or more parameters of the
interleaving means and a first higher number As correspond-
ing to the total number of bits to be processed by the inter-
leaving means.

The encoding device can 1n particular be adapted to imple-
ment the above encoding method.

Another aspect of the invention 1s directed to a device for
decoding a receiwve digitized signal comprising a data
sequence formed of a first part corresponding to information
to be transmitted and a second part including redundant data.
This device comprises:

first decoding means for decoding data items of the first

part;

interleaving means for interleaving bits obtained from the

first coding means; and

second decoding means, referred to as parity means, for

decoding bits obtained from the 1nterleaving means.

The interleaving means are such that the parity, second
decoding means begin parity decoding after a predetermined
number A of data items have been interleaved. This predeter-
mined number A of data items 1s between a first lower number
A1 of data 1items depending on one or more parameters of the
interleaving step and a first higher number As of data items
corresponding to the total number of data items to be pro-
cessed by the mterleaving means.

The decoding device can in particular be adapted to
execute the above decoding method.

Another aspect of the mvention 1s directed to a computer
program product adapted to be downloaded from a commu-
nications network and/or stored on a computer-readable
medium and/or executed by a microprocessor, comprising
program code mstructions for executing steps ol the encoding
method described above when 1t 1s executed on a computer.

Another aspect of the mnvention 1s directed to a computer
program product adapted to be downloaded from a commu-
nications network and/or stored on a computer-readable
medium and/or executed by a microprocessor, comprising
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program code mnstructions for executing steps of the decoding,
method described above when 1t 1s executed on a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention
emerge from the following description with reference to the
appended drawings, which show one non-limiting embodi-
ment of the present invention. In the figures:

FIGS. 1A and 1B, already described above, respectively
represent a prior art encoder and a prior art decoder;

FIGS. 2A and 2B, already described above, respectively
represent the scheduling of the prior art encoding and decod-
ing steps;

FIG. 3 represents the scheduling of the encoding steps of
the invention;

FIGS. 4 and 7 respectively represent the scheduling of the
encoding and decoding steps of one embodiment of the
present invention;

FIGS. 5A and 5B respectively represent interleaving in
accordance with the present invention at bit level and at
packet level;

FIGS. 6 and 8 are diagrams respectively representing an
encoding device of the invention and a decoding device of the
invention; and

FI1G. 9 1s a diagram showing a data processing system using,
the encoding and/or decoding device of the mvention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

FIG. 3 shows the scheduling 1n time (abscissa axis) of the
steps (ordinate axis) of an encoding method of the invention
for encoding an 1nput bit sequence S0 to yield a coded bit
sequence S.

This method 1includes a first coding step E1 applied to the
bits of the input bit sequence S0, using a first code. The bits
produced by this first coding step are interleaved by interleav-
ing means 33 (see FIG. 6) during an interleaving step E3.

The bits coming from the interleaving means 33 are
encoded 1n a second coding step E4 referred to as a parity step
using a second code to generate the coded bit sequence S.

The parity, second coding step E4 advantageously begins
alter interleaving a predetermined number A of bits. This
predetermined number A of bits 1s between a first lower
number A1 of bits depending on one or more parameters of the
interleaving step E3 and a first higher number As of bits
corresponding to the total number of bits to be processed
during the interleaving step E3.

FI1G. 4 shows by way of example the interleaving 1n time
(abscissa axis) of the various steps (ordinate axis) constituting
one embodiment of an encoding method of the mvention.

This encoding method comprises the following steps to
encode an input bit sequence S0 to yield a coded bit sequence
S

A first coding step E1 (external coding) 1s applied to the
bits of the input bit sequence S0 by first coding means 30
(external coder 30), using a first code (external code) defined
by an external code parity check matrix G1.

In an interleaving step E3 interleaving means 33 (“inter-
leaver” 33) interleave bits from the external code at the bitand
packet levels.

The bits coming from the interleaver 33 are coded by
parity, second coding means 32 (parity coder 32) during a
parity, second coding step E4, using a parity code defined in
the parity code parity check matrix V.
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A second (internal) coding step E6 1s applied to bits coming
from the parity coder 32 to form the coded bit sequence &'

using the code defined by an internal code parity check matrix
G2.

The parity coding step E4 advantageously begins after a
time proportional to a predetermined number A of bits, 1.¢.
alter interleaving the first A bits. This predetermined number
A 1s between a first lower number A1 of bits and a first higher
number As of bits corresponding to the total number of bits to
be processed during the interleaving step E3. The parity cod-
ing step E4 1s therefore effected 1n parallel with the interleav-
ing step E3 and with an offset of A baits.

The interleaving step E3 begins and 1s effected 1n parallel
with the external coding step E1 with an ofiset of at least one
bit (A'-A=1). In the same way, the internal coding step E6
begins and 1s effected in parallel with the parity coding step
E4 with an offset of at least one bit.

In a preferred embodiment, the code 1n question 1s an
LDPC (low density parity check) code constructed from a
parity check matrix H of the following form:

Gl I 0 (2)
1=y v o

0 VvV G2

in which:

(o1 1s an external code parity check matrix associated with
the external coder 30 (see FIG. 6);

V 1s a parity check matrix of a code comprising the parity
code and the interleaving function; and

(G2 1s the internal code parity check matrix associated with
the internal coder 34 (see FIG. 6).

The external code 1s defined on the basis of the matrix G1,
which 1s a KxK square matrix of the following form:

(3)

Gl =

in which I 1s a zxz 1dentity matrix and p 1s a zxz identity
matrix circularly permutated p positions to the right or to the

left.

It 1s optionally possible to parallelize the external coding/
decoding step by setting the value of the number “p” so that
the external code 1s made up of a plurality of independent
codes, thus increasing the encoding/decoding speed (at the
external coding/decoding level).

In this example, 11 p=0, the external code 1s made up of “z”
independent codes. Otherwise (1.e. 11 p=0), the external code
1s made up of “z/b” independent codes, where b 1s the lowest
positive non-zero integer such that:

(b.p)modulo z=0 (4)

For example, the external code can be made up of a plural-
ity of independent circular convolutional codes that function
in parallel, thus increasing the encoding bit rate.
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The 1nternal code 1s defined on the basis of the matrix G2,
which 1s an MxM square matrix of the following form:

(5)

G2

in which I 1s a zxz i1dentity matrix and Ie i1s a zxz i1dentity
matrix permutated non-circularly “e”” positions to the right or
to the leit.

As with external coding, it 1s optionally possible to paral-
lelize the internal coding step by setting the value of the
number “€” so that the internal code 1s made up of a plurality
ol independent codes, thus increasing the encoding speed at
the 1internal coding level.

In this example, 11 e=0, the internal code 1s made up of “z”
independent codes. Otherwise (1.e. 11 €=0), the external code
1s made up of a number of independent codes equal to the
number “¢”.

For example, the internal code can be made up of a plurality
ol independent recursive circular convolutional codes func-
tioming 1n parallel, thus increasing the encoding bit rate.

The matrix V 1s a quasi-cyclic MxK matrix comprising a
plurality of null matrices and/or circularly permutated iden-
tity matrices, the matrix V being defined by the following
relation:

(1, D] Ile(l, mp)] (6)

Ilc(i, J)]

Mclmy, D] ... . Mclmy, mp)],

in which:
m, 1s a strictly positive mteger such that:

(7)

K=mxz

m, 1s a strictly positive mteger such that:

(8)

I[c(q, 1)] 1s etther a zxz null matrix or a zxz circularly
permutated identity matrix; if ¢(1, 1)<0, then I[c(1, 1)] 1s a
null matrix; otherwise, I[c(1, )] 1s an identity matrix
circularly permutated c(i, 1) positions to the right or to
the ledt.

The form of the matrix V as described above comprises a
parity code and interleaving at bit level and at packet level in
accordance with the mvention.

FIGS. 5A and 5B respectively represent interleaving at the
bit level by a first function 7 and interleaving at the packet
level by a second function A.

In FIG. SA, the bits at the output of the external coder
belonging to a first block B, of bits are interleaved using the
first interleaving function 7 to form a second block B, of
interleaved bits.

This first interleaving function x associates with any bit of
index “1” belonging to the first block B, of bits the bit of index
(1) of the block B, of interleaved bits, so that the interleaving
of the first k bits of the first block B, of bits provides at least
the first m bits of the second block B, of interleaved bits.
Accordingly, 1n this example, the next bit of index k+1 of the

M=m->xz
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first block B, of bits to be processed 1s at the position with
index rt(k+1) in the second block B, of interleaved bits, so that
(k+1)>m.

Accordingly, it the parity coding 1s effected by blocks of
J=m bits, this interleaving function means that the coding of
the first J bits coming from the interleaving means 33 can be
commenced without having to wait for the end of the inter-
leaving step E3. In contrast to the above-mentioned prior art,
it 15 not necessary to wait for all the bits at the output of the
external coder to be interleaved by the interleaving means 33
to be able to commence the parity coding step E4.

In FIG. 5B, the bits belonging to the first block B, of bits at
the output of the external coder 30 are interleaved using a
second interleaving function A, that associates a first set of
packets (P,, P,, P, P, P;) of m, bits belonging to the first
block B, of bits with a second set of packets (P,,, P,g, Pao,
P.,, P<y, Pso) 0f J interleaved bits so that the bits belonging to
the same packet P, of J interleaved bits all come from sepa-
rate packets belonging to the first set of packets (P,, P,, P,/P_,
P.)olm, bits. In the FIG. 5B example, the packet P,, 1s made
up of five bits (b,, b,, b, b, b.) coming from five respective
packets (P,, P,, P,, P, P.).

In the preferred embodiment, the form of the matrix V as
described above enables interleaving at bit level and at packet
level 1n accordance with the first function m and the second
function A, respectively. Thus each bit of index *“m(1)” belong-
ing to the i” packet of J interleaved bits is associated with the
(1) bit belonging to the A~*(1,1)” packet of m, bits.

In the encoding (respectively decoding) method of the
invention, the parameters of the parallelization of the parity
coding (respectively decoding) step and the external coding
(respectively decoding) step are determined by a predeter-
mined metric A corresponding to a predetermined number of
bits.

The value of this number A 1s calculated from the strictly
positive coelficients c(1, ) of the matrnix V, in the following
manner:

Let ®={c,} be the set of positive and non-zero coefficients
c(1, 1) of the matrix V, 1n increasing order. Let “d” be a
function for calculating the distance between two points
x and y where x=y, defined by d(x, y)=(x-y). The value
of this number A 1s then calculated using the following
relation:

9)

A=Max (&1: Cotz— Ccard(qj)—l )

in which:

card(®) represents the number of elements of the set ®@;

Co 15 the lowest positive non-zero coellicient c(1, 1) of the
parity check matrix V;

7 1s the dimension of the identity sub-matrices contained in
the parity check matrix V; and

A, 1s the greatest distance between any two adjacent ele-
ments (¢, and c,_,) belonging to the set @, that distance
being defined by the following relation:

A =Max({d(c;, |, Ci)}ie[ﬂﬁcarcj’(qyj—l]) (10)

FIG. 6 shows one embodiment of an encoding device 100
of the ivention, comprising a first (external) coder 30 (first
coding means), a parity coder 32 (second coding means)
comprising an interleaver 33 (interleaving means), an internal
coder 34 (third coding means), first memory means 36
between the external coder 30 and the parity coder 32, and
second memory means 38 between the parity coder 32 and the
internal coder 34.

Note that 1n a different embodiment the interleaver 33 and
the parity coder 32 can be separate.
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The first memory 36 includes a first set of “z” first memory
banks (ME, to ME,) each having a storage capacity of m,
bits.

The second memory 38 includes at least two second
memory banks (MI, and MI ) each having a storage capacity
of m, bits.

An mput block of bits B0 i1s encoded by the encoding
device 100 of the invention to yield a coded bit sequence S.

The external coder 30 begins to code the mnput block of bits
B0 to generate first bits at the output of the external coder 30
that are stored directly in the first memory bank (ME, to ME )
of the memory 36, in the natural order and 1n packets of m,
bits.

After a time proportional to the predetermined number A,
the parity coder 32 reads a bit in each memory bank of a subset
of the first set of memory banks (ME, to ME ) and adds these
bits by a modulo-2 addition operation in accordance with
parity laws defined in the matrix V (each row of the matrix V
defining a parity equation).

For example, the parity coder 32 can process m, parity
equations contained in m, rows ol the matrix V to generate m,
bits at the output of the parity coder 32. Those m, bits are
stored directly 1n a memory bank MI, of the second set of
memory banks (MI, and MI,) of the memory 38.

As soon as the m,, bits have been written into a memory
bank (MI,, MI,) at the output of the parity coder 32, the

internal coder 34 reads those m, bits, which i1t can begin to
code virtually instantaneously using the internal code con-
tained 1n the internal code parity check matrix G2.

(Given that the internal coding operation 1s effected on m,
bits and just after writing m, bits into a second memory bank
(MI, 1n this example), 1t suilices for the second memory 38 to
contain only two memory blocks (MI,, MI,) to enable opti-
mum use of hardware resources, each of these two memory
banks functioning alternately in write mode or read mode.

In practice, 1t 1s sufficient for the parity code to have pro-
cessed one bit for the internal coder to be able to commence
its task 1n parallel with the parity coder.

FI1G. 7 1s a very diagrammatic 1llustration of the scheduling
in time (abscissa axis) of the various steps (ordinate axis)

constituting one particular embodiment of a decoding
method.

This decoding method decodes a receive digitized signal
comprising a data sequence formed of a first part D corre-
sponding to information to be transmitted and a second part C

containing redundant data.

In this method, a first (external) decoding step E100 1s
applied to data from the first part D. An interleaving step E300
cifected by interleaving means 43 (interleaver 43) interleaves
data coming from the first (external) decoding step E100. A
parity, second decoding step E400 1s applied to data coming,
from the interleaver 43. A third (internal) decoding step E600
1s applied to data coming from the parity decoding step E400.

The panity decoding step E400 advantageously begins after
interleaving a predetermined number A of data bits. This
predetermined number A of data bits 1s between a first lower
number A1 of data bits depending on one or more parameters
of the interleaving step E300 and a first higher number As of
data bits corresponding to the total number of data bits to be
processed during the interleaving step E300.

FIG. 8 shows an embodiment of a decoding device 200 of
the mvention for decoding a recerve digitized signal contain-
ing a data sequence formed of a first part D corresponding to
information to be transmitted and a second part C containing
redundant data.
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The decoding device 200 of the invention comprises an
external decoder 40 (first decoding means 40), a parity
decoder 42 (parity, second decoding means 42 ) comprising an
interleaver 43 (interleaving means 43), an internal decoder 44
(second decoding means 44), a first memory module 46 at the
input of the external decoder 40 and the internal decoder 44,
a second memory module 48 between the external decoder 40
and the parity decoder 42, and a third memory module 50
between the parity coder 42 and the internal coder 44.

Note that 1n a different embodiment the interleaver 43 and
the parity decoder 42 can be separate.

The mterleaver 43 1s such that the parity decoder 42 begins
the parity decoding step E400 after a predetermined number
A of data bits have been interleaved. This predetermined
number A of data bits 1s between a first lower number A1 of
data bits depending on one or more parameters of the inter-
leaver 43 and a first higher number As of data bits correspond-
ing to the total number of data bits to be processed by the
interleaver 43.

The first memory module 46 for storing a receive digitized
signal including “m,xz” flexible values comprises “z” first
memory banks (M, to M_) each having a storage capacity of
m, bits.

The second memory module 48 for storing data 1n transit
between the external decoder 40 and the parity decoder 42
comprises “z” second memory banks (MI, to MI ) each hav-
ing a storage capacity of m, bats.

The third memory module 50 for storing data 1n transit
between the parity decoder 42 and the internal decoder 44
comprises “z” second memory banks (MI, to M1 ) each hav-
ing a storage capacity of m, bits.

Dividing the memories 46, 48, 50 into arespective plurality
of memory banks (M, to M), (ME, to ME ), (MI, to MI )
minimizes or even eliminates simultaneous access to the
same memory.

A frame of N flexible values 1s decoded iteratively. Note
that flexible decoding of the mternal code and the external
code can be effected using standard techniques for decoding
flexible output convolutional codes, such as the Bahl-Cocke-
Jelinek-Raviv algorithm, the forward backward algorithm, or
the soft output Viterb1 algorithm, as described by L. R. Bahl et
al. 1n the document entitled “Optimal Decoding of Linear
Codes for Minimizing Symbol Error Rate” (IEEE Transac-

tions on Information Theory, Volume I'T-20, March 1974, pp.
248-287).

The mitialization step of this method consists 1n storing 1n
the first “z” memory banks (M, to M ) of the first memory
module 46, in natural order and in packets of m, flexible
values, N=m, xz data items contained in a receive signal.

In other words, the first m, flexible values of the received
signal are stored in the first memory bank M,, the next m;,
tflexible values are stored in the next memory bank M,,, and so
On.

-

I'he method includes the following steps on each iteration.
The external decoder 40 effects decoding over a window of
index 1 comprising m, data bits (or m; flexible values) con-
tained in the memory bank M, belonging to the first memory
module 46 to generate first extrinsic data that 1s stored in the
memory bank ME, belonging to the second memory module
48.

After decoding a number A of windows, the parity decoder
42 can function 1n parallel with and without conflict with the
external decoder 40.

The parity equations defined 1n the matrix V are solved 1n

series and 1n groups of m, equations using variables or data
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supplied at the output of the external coder. The values of each
of these variables used in the m,, parity equations of the matrix
V during the decoding of a window are read in different
memory banks (ME, to ME ). For each window of index 1, the
m, equations of the i”” group of m,, equations are solved in the
tollowing order: 1,1+z,1+2xz, . . ., 1+m,xz, (with11n the range
1 to z).

The result of decoding the i” group of m, equations is
stored in the i memory bank MI, belonging to the third
memory module 50. For example, the m, data bits resulting,
from solving the 2" group of m, parity equations are stored in

the 27 memory bank ML,.

Directly after the parity coder has solved the first group of
m., equations over a window of index 1, the mternal decoder
can commence 1ts task of decoding over this window. The
extrinsic information resulting from decoding the window of
index 11s stored in the memory bank M1, belonging to the third
memory module 50.

Following decoding of A windows by the internal decoder,
the variables involved 1n the parity equations defined 1n the
matrix V are updated.

To prevent any contlict of access to the same memory bank
during the parity decoding step, a variable must not be
involved more than once in a group of m, parity equations.
This rule 1s reflected 1n the condition that all positive coedli-
cients c(1, ) for the same column of the matrix V are difierent.

The invention 1s also directed to a computer program
downloadable from a communications network comprising
program code mstructions for executing steps ol the encoding
method and/or the decoding method of the invention when 1t
1s executed 1 a computer. This computer program can be
stored on a computer-readable medium.

This program can use any programming language and take
the form of source code, object code or an intermediate code
between source code and object code, such as a partially
compiled form, or any other desirable form.

The mvention 1s also directed to a computer-readable infor-
mation medium containing instructions of the above com-
puter program.

The information medium can be any entity or device
capable of storing the program. For example, the medium can
include storage means, such as a ROM, for example a CD
ROM or a microelectronic circuit ROM, or magnetic storage
means, for example a diskette (floppy disk) or a hard disk.

Moreover, the information medium can be a transmissible
medium such as an electrical or optical signal, which can be
routed via an electrical or optical cable, by radio or by other
means. The program of the invention can in particular be
downloaded over an Internet-type network.

Alternatively, the information medium can be an integrated
circuit into which the program 1s incorporated, the circuit
being adapted to execute the method 1n question or to be used
1n 1ts execution.

Note that the encoding device can be implemented by a
data processing system F, as shown in FI1G. 9, conventionally
including a central processor unit 60 controlling by signals B
amemory 62, an input unit 64, and an output unit 66. All these
clements are iterconnected by data busses 68.

Moreover, this data processing system can be used to
execute a computer program including instructions for
executing the encoding method of the invention.

Note that the decoding device can also be implemented by
a data processing system like that from FI1G. 9.

Moreover, that data processing system can be used to
execute a computer program including instructions for
executing the decoding method of the invention.
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The mvention claimed 1s:
1. A method of encoding an 1nput bit sequence (S0) to yield
a coded bit sequence (S), said method comprising:

a first coding step (E1) applied to the bits of the 1input bit
sequence (S0) using a first code to generate an output bit
sequence;

an interleaving step (E3) in which interleaving means (33)
interleave the bits of the output bit sequence obtained
using said first code; and

a second coding step (E4), referred to as a parity step,
applied to the bits obtained from said interleaving means
(33) using a second code to generate said coded bit
sequence (S);

wherein said parity, second coding step (E4) begins after a
predetermined number A of bits have been interleaved
without waiting for the end of the interleaving step (E3),
said predetermined number A of bits being less than a

first higher number As of bits corresponding to the total
number of bits to be processed during said interleaving
step (E3), such that the first higher number As of bits 1s
less than or equal to a length of the output bit sequence
generated by the first coding step.

2. The encoding method according to claim 1, wherein said
parity, second coding step (E4) begins after a predetermined
number A' o bits have been encoded by the first decoding step
(E1), said predetermined number A' of bits being between a
second lower number A1’ of bits depending on one or more
parameters of said interleaving step (E3) and a second higher
number As' of bits corresponding to the total number of bits to
be processed during said first coding step (E1).

3. The encoding method according to claim 1, wherein said
interleaving step (E3) 1s effected conjointly with said parity,
second coding step (E4).

4. The encoding method according to claim 3, wherein said
interleaving step (E3) and said parity, second coding step (E4)
are effected by means of a quasi-cyclic parity check matrix V
comprising a plurality of identity sub-matrices 1n the follow-
ing form:

( le(1, D] Ile(1l, mp)]

IleCi, jI

Melmy, 1] ... . Melmy, mp)]

such that for any 1 1n the range 1 to m, and for any j in the
range 1 to m,, 11 the coetlicient c(1, 1) 1s strictly negative
then the sub-matrix I[c(i, j)] 1s a null matrix, otherwise
said sub-matrix I[c(1, )] 1s an 1dentity matrix circularly
permutated c(1, ) positions.

5. The encoding method according to claim 4, wherein the
positive coelficients c¢(1, 1) for the same row of said parity
check matrix V are different.

6. The encoding method according to claim 1, wherein said
interleaving step (E3) includes a bit level first interleaving
function i associating with the i” bit obtained using said first
code the 7(1)” bit of an interleaved bit sequence (B2), so that
interleaving the first k bits supplies at least the first m bits of
said interleaved bit sequence (B2).

7. The encoding method according to claim 1, wherein said
interleaving step (E3) includes a second interleaving function
A Tor associating a first set ol packets (P, P,, P;, P,, P.) ol m,
bits obtained using the first code with a second set of packets

(P.o, Pso, Pags Pans Peg, Pep) Of T bits of said interleaved bit
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sequence (B2), so that bits belonging to the same packet (P30)
of I bits of said interleaved bit sequence (B2) come from
different packets of said first set of packets (P, P,, Py, P,, P.)
of m, bats.

8. The encoding method according to claim 1, wherein said
parameter(s) determining the numbers A and A' of bits are a
function of the positive coellicients c(1, 1) of said parity check
matrix V.

9. The encoding method according to claim 1, wherein said
first code of said first coding step (E1) 1s composed of a first
plurality of independent codes.

10. The encoding method according to claim 1, further
comprising a third coding step (E6) using a third code applied
to bits obtained from said parity, second coding step (E4) so
that said third coding step (E6) begins by coding one or more

bits obtained from said parity, second decoding step (E4).
11. The encoding method according to claim 10, wherein

said third code of said third coding step (E6) 1s composed of

a second plurality of independent codes.
12. A computer program stored on a computer memory and
executing on a miCroprocessor, comprising program code
instructions for executing steps of the encoding method
according to claim 1 when 1t 1s executed on a computer.
13. The encoding method according to claim 1, wherein
said predetermined number A of bits 1s greater than a first
lower number A1 of bits which depends on one or more
parameters of said interleaving step (E3).
14. A process 1n which a computer executes instructions set
forth 1n a computer program, the computer program including
instructions for executing steps of the encoding method
according to claim 1.
15. A computer program stored on a non-transitory coms-
puter-readable medium, comprising program code instruc-
tions for executing steps of the encoding method according to
claim 1 when 1t 1s executed on a computer.
16. A method of decoding a receive digitized signal com-
prising a data sequence formed of a first part D corresponding,
to information to be transmitted and a second part C including,
redundant data, wherein said method comprises:
a first decoding step (E100) applied to data of said first part
D to generate an output data sequence;

an interleaving step (E300) 1n which interleaving means
(43) interleave data of the output data sequence obtained
from said first decoding step (E100); and
a second decoding step (E400), referred to as a parity step,
applied to data obtained from said interleaving means
(43);

wherein said parity, second decoding step (E400) begins
alter a predetermined number A of data items have been
interleaved without waiting for the end of the interleav-
ing step (E300), said predetermined number A of data
items being less than a first higher number As of data
items corresponding to the total number of data items to
be processed during said interleaving step (E300), such
that the first higher number As of data items 1s less than
or equal to a length of the output data sequence gener-
ated by the first decoding step.

17. The decoding method according to claim 16, wherein
said parity, second decoding step (E400) begins after a pre-
determined number A' of data items have been decoded in said
first decoding step (E100), said predetermined number A' of
data items being between a second lower number A1’ of data
items depending on one or more parameters of said interleav-
ing step (E300) and a second higher number As' of data 1tems
corresponding to the total number of data 1tems to be pro-
cessed during said first decoding step (E100).
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18. The decoding method according to claim 16, further
comprising a third decoding step (E600) for decoding data
obtained from said parity, second decoding step (E400), said
third decoding step (E600) starting by decoding one or more
data 1items obtained from said parity, second decoding step
(E400).

19. The decoding method according to claim 16, wherein
said interleaving step (E300) 1s effected conjointly with said
parity, second decoding step (E400).

20. The decoding method according to claim 19, wherein
said interleaving step (E300) and said second decoding step
(E400) are effected by means of a quasi-cyclic parity check
matrix V comprising a plurality of identity sub-matrices in the
following form:

( le(1, D] Ile(l, mp)]

Ilc(, j)]

Aelmy, 1] ... . Melmy, mp)]

such that for any 1 in the range 1 to m; and for any 7 1n the
range 1 to m,, 1f the coellicient c(1, 1) 1s strictly negative
then the sub-matrix I[c(1, 1)] 1s a null matrix, otherwise
said sub-matrix I[c(1, 1)] 1s an 1dentity matrix circularly
permutated c(1, 1) positions.

21. The decoding method according to claim 20, wherein
the positive coellicients c(1, 1) for the same column of said
parity check matrix V are different.

22. The decoding method according to claim 20, wherein
said parameter(s) determining the numbers A and A' of data
items are a function of the positive coetlicients c(i, j) of said
parity check matrix V.

23. A computer program stored on a computer memory and
executing on a miCcroprocessor, comprising program code
istructions for executing steps of the decoding method
according to claim 16 when 1t 1s executed on a computer.

24. The decoding method according to claim 16, wherein
said predetermined number A of bits 1s greater than a first
lower number A1 of bits which depends on one or more
parameters of said interleaving step (E300).

25. A process 1n which a computer executes instructions set
forth 1n a computer program, the computer program including
istructions for executing steps of the decoding method
according to claim 16.

26. A computer program stored on a non-transitory com-
puter-readable medium, comprising program code instruc-
tions for executing steps of the decoding method according to
claim 16 when 1t 1s executed on a computer.

27. A device for encoding an input bit sequence (S0) to
yield a coded bit sequence (S), said device comprising:

first coding means (30) for coding the bits of said input bit

sequence (S0) using a first code to generate an output bit
sequence;

interleaving means (33) for interleaving bits of the output

bit sequence obtained from said first coding means (30);
and
second coding means (32), referred to as parity means for
coding bits obtained from said interleaving means (33)
using a second code to generate said coded bit
sequence (S);

wherein said interleaving means (33) are such that said
parity, second coding means (32) begin said coded bit
sequence (S) after a predetermined number A of bits
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have been interleaved without waiting for the end of
interleaving, said predetermined number A of bits being
less than a first higher number As of bits corresponding
to the total number of bits to be processed by said inter-
leaving means (33), such that the first higher number As
of bits 1s less than or equal to a length of the output bat
sequence generated by the first coding means.

28. The device for encoding according to claim 27, wherein
said predetermined number A of bits 1s greater than a first
lower number A1 of bits which depends on one or more
parameters of said interleaving means (33).

29. A device for decoding a recerve digitized signal com-
prising a data sequence formed of a first part D corresponding,
to information to be transmitted and a second part C including,
redundant data, said device comprising;

first decoding means (40) for decoding data items of said

first part D to generate an output data sequence;

interleaving means (43) for interleaving data of the output

data sequence obtained from said first coding means;
and
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second decoding means (42), referred to as parity means,
for decoding bits obtained from said interleaving means

(43);
wherein said interleaving means (43) are such that said

parity, second decoding means (42) begin parity decod-

ing after a predetermined number A of data 1items have
been interleaved without waiting for the end of inter-
leaving, said predetermined number A of data items
being less than a first higher number As of data items
corresponding to the total number of data i1tems to be
processed by said interleaving means (43), such that the
first higher number As of data items 1s less than or equal
to a length of the output data sequence generated by the

first decoding means.

30. The device for decoding according to claim 29, wherein
said predetermined number A of bits 1s greater than a first
lower number A1 of bits which depends on one or more
parameters of said interleaving means (43).

x x * x x
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